We consider a hypercubic lattice in which neighboring points are connected by resistances which assume independently the random values σ > −1 and σ <</sub> −1 with respective probabilities p and 1−p. For σ <</sub>=0 the lattice is viewed as consisting of irreducible nodes connected by chains of path length L. This geometrical length is distinct from the characteristic length L r which sets a scale of resistance in the random network or L m which sets a scale of effective exchange in a dilute magnet. Near the percolation concentration p c one sets
I. INTRODUCTION
In this paper we report the first field-theoretic formulation for the macroscopic conductivity X of a random network of resistors. This formulation enables us to give a renormalization-group treatment of the random network in the critical region near the percolation threshold. We may define clusters to be groups of sites connected with respect to o-&~The mean-square cluster size is then the generalized susceptibility of the percolation problem. ' ' Although field-theoretic renormalization-group treatments of the percolation problem have been given, ' ' until now no such scheme has been used to calculate X. At present the only renormalization-group approaches are those' based on finite-cluster recursion relations. This paper is organized as follows. Section II summarizes the current scaling arguments relevant to dilute networks. In particular, we distinguish between different length scales appropriate to different properties of the dilute network. In Sec. III we describe the calculation of the length scale appropriate to the randomly diluted resistor network. The method of calculation is similar to that used by Stephen and Grest' for the dilute magnet near the percolation threshold.
In Sec. IV we present our conclusions concerning the existence of different length scales and comment on extensions to to other related problems.
II. SUMMARY OF SCALING ARGUMENTS
In this section we revie~the scaling arguments concerning the behavior of random networks near the percolation threshold at p = p, In particular, de Gennes" and Skal and Shklovskii" suggest that for p & p, , the infinite cluster, a section of which is shown in Fig. 1 , should be viewed as a superlattice of "nodes" defined as points where there are more than two disjoint conduction paths to infinity. This construction is shown in Fig. 2 
Similarly, use of relation (1) '", or (~v, /vs~w, so that Lubensky" has 
{x,x ') p, '"(x, ') 
(20} 
where the index 0{ labels n replicas. For this effective
Hamiltonian it is quite straightforward to show that If we put J ' =0, the eft'ective Hamiltonian becomes
. "", s~n~J where J»1, (17) where [ ],"denotes an average over random configurations.
If we define a susceptibility X for the effective spin system as X=lim lim $ (V (x) V (x')) s~n~"
then it follows from Eqs. (6) and (17) that (, ) Bx =0 In order to get the right behavior in the J 0o limit it is necessary to take the limits in the order indicated in 
where stands for
where z is the number of nearest neighbors and in the sum g--, -each replica 1, 2, . . . , n appears twice, three times or not at all. Thus, the three sets of indices 2, a pIine, and u" are, in general, of the form (+alt +a2I~' I (9) and (39), (41) where b is the length rescaling factor, u = -,K6u For a randomly diluted antiferromagnet, the spinwave velocity is proportional to" (X/X, ) '", 
